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(54) NICKEL HYDROXIDE PARTICLES AND PRODUCTION AND USE THEREOF 



(57) The invention provides nickel hydroxide sec- 
ondary particles comprising agglomerates of primary 
particles of nickel hydroxide in the shape of a triangular 
prism or a triangular plate having a surface or a outer 
face in the form of a substantially equilateral triangle 
each side of which substantially equilateral triangle has 
a length of 1 to 10 \im. The invention further provides 

FIG. 



lithium nickel composite oxide secondary particles com- 
prised of agglomerates of primary particles having a 
large particle diameter by mixing the nickel hydroxide 
secondary particles with a lithium compound and sinter- 
ing the resulting mixture at a temperature of 600°C to 
1000°C in an oxidative atmosphere. 




BNSDOCID: <EP 1044927A1_I_> 



1 



EP 1 044 927 A1 



2 



D scription 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to nickel .hydroxide 
particles which can be used suitably as a starting mate- 
rial for a lithium nickel composite oxide (lithium nick- 
elate) as a cathode (positive electrode) active material 
for a non-aqueous electrolyte lithium ion secondary bat- 
tery, a method for production of the nickel hydroxide par- 
ticles, lithium nickel composite oxide particles produced 
using the nickel hydroxide particles as a starting mate- 
rial and a method for production of the composite oxide 
particles. 

Description of the Prior Art 

[0002] Along with popularization of portable elec- 
tronic appliances in recent years, non-aqueous electro- 
lyte lithium ion secondary batteries having high energy, 
density and capable of providing high voltage have 
attracted attention. As a cathode active material for 4V 
class non-aqueous electrolyte lithium ion secondary 
batteries, there have been known composite oxides of 
lithium and transition metals having layered or tunnel 
structures and having crystal structures allowing easy 
doping and dedoping of lithium ions, such as lithium 
cobaltate, lithium nickelate or lithium manganate. 
Among these composite oxides, lithium cobaltate has a 
problem that the raw material, cobalt is produced at lim- 
ited areas and is very expensive as well as the supply 
thereof lacks stability. On the other hand, lithium man- 
ganate has a problem in that high energy density as in 
the case of lithium cobaltate can not be obtained 
although the material cost can be reduced relatively. 
[0003] In the meanwhile, lithium nickelate has been 
considered promising in that nickel resource is abun- 
dant and it has satisfactory capacity characteristics 
compared with the above-mentioned two composite 
oxides, and, in addition, it can realize the highest energy 
density of the three. Further, there have also been 
known composite oxides based on lithium nickelate 
such as LiNi 1 . x N x 0 2 (in which M represents magne- 
sium, calcium, strontium, barium; aluminum, cobalt, 
manganese, iron or vanadium, and X is a number satis- 
fying: 0<X<1) or LiNi^x.yCoxlvlYOz (in which M repre- 
sents aluminum, magnesium, calcium, strontium or 
barium, and X and Y each represents a number satisfy- 
ing: 0<X<1, 0<Y<1 and 0<X+Y<1 ). These composite 
oxides have been positively developed heretofore since 
they have excellent cell characteristics, that is, they 
have a high charge discharge capacity, can provide high 
voltage, and have excellent cycle characteristics, as 
well as that the raw material for nickel is relatively less 
expensive and is supplied stably. 
[0004] Such composite oxides as mentioned above 



can be obtained usually by dry mixing a nickel salt con- 
taining the metal M described above (and cobalt salt) or 
a nickel salt (and cobalt salt) and a salt of the metal M 
with a lithium compound, or wet mixing them in an 

5 appropriate solvent, drying and then sintering the result- 
ing mixture at a temperature usually from 600°C to 
1000°C for 10 to 30 hours in an oxidative atmosphere 
and, optionally, applying pulverization and classification. 
[0005] In the method for the production of the com- 

10 posite oxides as described above, hydroxides, oxides, 
carbonates, nitrates or sulfates can be used for the 
nickel salt as the starting material. However, in fact, 
nickel hydroxide has been mainly used so far since it is 
produced industrially, inexpensive, stable in quality and 

15 gives less problems related to public pollution derived 
from gases generated from the sintering process. 
[0006] However, nickel hydroxide used so far as the 
raw material for the production of the composite oxides 
is available as secondary particles of a particle diameter 

20 of about 5 to 30 jxm comprised of agglomerates of a pri- 
mary particles of particle diameter of about 0.1 urn. Jap- 
anese Patent Laid-Open (Kokai) No. 230808/1995 
recommends the use of spherical particles of a particle 
diameter of about 5 to 50 p.m comprised of agglomer- 

25 ates of primary particles of a particle diameter of 0.1 jum 
or less. However, lithium nickelate obtained by using the 
known nickel hydroxide as the starting material is com- 
prised of agglomerates of small primary particles of a 
particle diameter of 1 urn or less. 

30 [0007] On the other hand, lithium nickelate known 
so far as a cathode active material for non-aqueous 
electrolyte lithium ion secondary batteries has a rela- 
tively high charge discharge capacity, but there remains 
a problem unsolved that, in view of practical use of lit h- 

35 ium nickelate as a cathode active material, the capacity 
decreases when charge discharge cycles are con- 
ducted at a high temperature of about 45°C or, self-dis- 
charge takes place when stored at a high temperature. 
As described in Japanese Patent Laid-Open No. 

40 1 51 988/1 993 and No. 1 83047/1 995, the problems result 
from the size of primary particles of lithium nickelate. 
That is, it is considered that they are caused, for exam- 
ple, because the reaction of lithium nickelate with the 
non-aqueous electrolyte, or the decomposition of elec- 

45 trolyte and the formation of films occur more remarkably 
on the boundaries of the lithium nickelate particles as 
the size of the primary particles thereof is smaller. 
[0008] Then, with a view point that non-aqueous 
electrolyte lithium ion secondary batteries using the 

50 composite oxides such* as lithium cobaltate, lithium nick- 
elate or lithium, manganate as a cathode active material 
are excellent in cycle characteristics or storage charac- 
teristics as described above, it has been pointed out 
that the composite oxide used, for example, lithium 

55 cobaltate, preferably has an average particle diameter 
(50%) of 2 to 1 0 ^m in order to prevent the decrease of 
the capacity when charge discharge process is 
repeated (Japanese Patent Laid-Open No. 
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94822/1993). Further, it has been pointed that the 
decrease of the capacity less occurs even when charge 
discharge process is repeated at a high temperature 
when a composite oxide such as lithium cobaltate or 
lithium nickelate has such a particle size distribution that 
1 0% accumulated diameter is 3 to 1 5 jum, 50% accumu- 
lated diameter is 8 to 35 jam and 90% accumulated 
diameter is 30 to 80 |im (Japanese Patent Laid-Open 
No. 151998/1993). It has also been pointed out for lith- 
ium manga nate that the average particle size is prefera- 
bly within a range from 30 to 100 u,m (Japanese Patent 
Laid-Open No. 283074/1993). 

[0009] On the other hand, it has been pointed out 
that a non-aqueous electrolyte secondary battery using 
a cathode active material comprising lithium manga- 
nese composite oxide has excellent cycle characteris- 
tics when the lithium manganese composite oxide has a 
specific surface area in the range of 0.05 to 5.0 m 2 /g 
(Japanese Patent Laid-Open No. 69790/1996). 
[0010] However, nickel hydroxide that forms lithium 
nickelate particles having a large primary particle size 
has not been known heretofore. 

[0011] The invention has been accomplished in 
view of the foregoing situations in the known non-aque- 
ous electrolyte lithium ion secondary batteries, in partic- 
ular, the known cathode active material. Therefore, it is 
an object of the invention to provide nickel hydroxide 
secondary particles comprised of agglomerates of pri- 
mary particles having a large primary particle diameter 
which can be used suitably for the production of a cath- 
ode active material for lithium ion secondary batteries, a 
method for production of such nickel hydroxide second- 
ary particles, lithium nickel composite oxide particles 
produced using the nickel hydroxide particles as the 
starting material, as well as a method for production of 
such composite oxide particles. 

SUMMARY OF THE INVENTION 

[0012] The invention provides nickel hydroxide sec- 
ondary particles comprising agglomerates of primary 
particles of nickel hydroxide in the shape of a triangular 
prism or a triangular plate having a surface or a outer 
face in the form of a substantially equilateral triangle 
each side of which substantially equilateral triangle has 
a length of 1 to 10 jim. 

[0013] According to the invention, the nickel hydrox- 
ide particles may contain at least one element selected 
from the group consisting of Mg, Ca, Sr, Ba, Al, V, Mn, 
Fe and Co (hereinafter often referred to as composite 
elements) in an atomic ratio to Ni of 0.5 or less. Such 
nickel hydroxide particles are often referred to hereinaf- 
ter as composite nickel oxide particles and also referred 
to, including the above-mentioned nickel hydroxide par- 
ticles, as (composite) nickel hydroxide particles. 
[0014] According to the invention, the (composite) 
nickel oxide particles as described above may have on 
the surface thereof at least one element selected from 



the group consisting of Mg, Ca, Sr. Ba, Al, V, Mn, Fe and 
Co (hereinafter also referred to as deposition or coating 
elements) in an atomic ratio to Ni of 0.5 or less as 
oxides and/or hydroxides. Hereinafter, such (composite) 
5 nickel hydroxide particles having the deposition or coat- 
ing elements on the surface is often referred to as 
deposited or coated (composite) nickel hydroxide parti- 
cles. 

[0015] The invention provides lithium nickel com- 

io posite oxide particles obtained by mixing the (compos- 
ite) nickel hydroxide particles (including deposited or 
coated (composite) nickel hydroxide particles) with a 
lithium compound and sintering the resulting mixture at 
a temperature in the range of 600°C to 1 000°C in an oxi- 

15 dative atmosphere. 

[0016] The invention further provides a method for 
production of nickel hydroxide particles which com- 
prises adding continuously an aqueous nickel salt solu- 
tion, an aqueous alkali hydroxide solution and an 

20 aqueous ammonia to a reactor having water or aqueous 
ammonia placed therein, whereupon neutralizing the 
nickel salt at a temperature of 20°C to 50°C while keep- 
ing the pH of the resulting reaction mixture in the reactor 
in the range of 10 to 1 1 and keeping the concentration 

25 of ammonia in the reaction mixture in the reactor in the 
range of not less than 0.5 mol/L, thereby precipitating 
particles of nickel hydroxide and filtering and drying the 
particles. 

[0017] According to the invention, when an aque- 

30 ous solution containing at least one composite element 
selected from the group consisting of Mg, Ca, Sr, Ba, Al, 
V, Mn, Fe and Co together with the nickel salt is used 
and the nickel salt and the salt of the composite element 
are neutralized, the composite nickel hydroxide parti- 

35 cles containing the composite elements is obtained. 
[0018] Further, when an aqueous solution of the 
salt of the deposition element is neutralized with an 
aqueous alkali hydroxide solution in a slurry prepared 
by dispersing the (composite) nickel hydroxide particles 

40 in water, thereby depositing or coating the element in 
the form of oxides or hydroxides on the surface of the 
nickel hydroxide particles, the deposited (composite) 
nickel hydroxide particles are obtained. 
[0019] In addition, the invention provides a method 

45 for production of lithium nickel composite oxide particles 
which comprises mixing the (composite) nickel hydrox- 
ide particles (including deposited or coated (composite) 
nickel hydroxide particles) with a lithium compound and 
sintering the resulting mixture at a temperature in the 

so range of 600°C to 1 000°C in an oxidative atmosphere. 

Brief Explanation of the Drawings 
[0020] 

55 

Fig. 1 is a scanning electron photomicrograph of 
nickel hydroxide particles obtained in Example 1 of 
the invention (10000 magnifications). 
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Fig. 2 is a view schematically showing the nickel 
hydroxide particles in Fig. 1 . 
Fig. 3 is a scanning electron photomicrograph of 
nickel cobalt hydroxide particles obtained in Com- 
parative Example 1 (10000 magnifications). 
Fig. 4 is a scanning electron photomicrograph of 
lithium nickelate particles obtained in Example 3 of 
the invention (10000 magnifications). 
Fig. 5 is an X-ray diffraction pattern of lithium nick- 
elate particles obtained in Example 3 of the inven- 
tion. 

Fig. 6 is a scanning electron photomicrograph of 
nickel cobalt magnesium hydroxide particles 
obtained in Example 4 of the invention (1 0000 mag- 
nifications). 

Fig. 7 is a scanning electron photomicrograph of 
nickel cobalt aluminum hydroxide particles obtained 
in Example 8 of the invention (10000 magnifica- 
tions). 

Fig. 8 is a scanning electron photomicrograph of 
nickel cobalt hydroxide particles having aluminum 
hydroxide deposited or coated on the surface 
obtained in Example 9 of the invention (10000 mag- 
nifications). 

Fig. 9 is a scanning electron photomicrograph of 
nickel cobalt aluminum hydroxide particles obtained 
in Comparative Example 2 (10000 magnifications). 
Fig. 10 is a scanning electron photomicrograph of 
composite lithium nickelate particles containing 
cobalt and aluminum obtained in Example 10 of the 
invention (10000 magnifications). 
Fig. 11 is an X-ray diffraction pattern of composite 
lithium nickelate particles obtained in Example 10 
of the invention. 

Preferred Embodiments of the invention 

[0021] The nickel hydroxide secondary particles 
according to the invention are comprised of agglomer- 
ates of primary particles of nickel hydroxide in the shape 
of a triangular prism or a triangular plate having a sur- 
face or a outer face in the form of a substantially equilat- 
eral triangle each side of which substantially equilateral 
triangle has a length of 1 to 10 jim, preferably of 1 to 7 
urn. 

[0022] Fig. 1 shows a scanning electron photomi- 
crograph of an example of the nickel hydroxide second- 
ary particles according to the invention. As shown 
schematically in Fig. 2, the nickel hydroxide secondary 
particles 2 of the invention are comprised of agglomer- 
ates of primary particles 1 of nickel hydroxide and the 
primary particles are in the shape of a triangular prism 
or a triangular plate and have an exposed surface 3 or a 
outer face in the form of a substantially equilateral trian- 
gle, in the invention, the surface or outer face of the 
nickel hydroxide particles means a portion of the pri- 
mary particles of nickel hydroxide exposed in this way. 
[0023] In the nickel hydroxide particles as described 



above, when the length of a side of the equilateral trian- 
gle of the triangular prism or triangular plate shaped pri- 
mary particle is 1 p,m or less, the resulting primary 
particles of the lithium nickel composite oxide obtained 

5 using the nickel hydroxide particles as the starting 
material also have a particle diameter of about 1 |Lim. 
That is, the resulting primary particles of lithium nickel 
composite oxide have no substantial difference from the 
known lithium nickel composite oxide particles obtained 

10 using, as the starting material, spherical secondary par- 
ticles of nickel hydroxide comprised of agglomerates of 
primary particles of a small particle diameter. 
[0024] In turn, when the length of a side of the equi- 
lateral triangle of a triangular prism or a triangular plate 

15 shaped primary particle is not less than 1 0 ujti, the sec- 
ondary particles formed by agglomeration of such pri- 
mary particles have a particle diameter as large as 40 to 
50 ujn. Such a particle diameter is excessively large. 
Accordingly, if such secondary particles are mixed with 

20 a lithium compound and the resulting mixture is sin- 
tered, no uniform reaction takes place between the 
nickel hydroxide particles and the lithium compound. In 
particular, no uniform composite oxide can be obtained 
in which lithium diffuses inside enough the nickel 

25 hydroxide particles. Thus, the use of such a composite 
oxide as a cathode active material having no uniform 
composition as described above provides a lithium ion 
secondary battery poor in cycle characteristics. 
[0025] The nickel hydroxide particles of the inven- 

30 tion as described above can be obtained by neutralizing 
a water-soluble nickel salt by using ammonia and an 
alkali hydroxide in an aqueous solution to form precipi- 
tates. There is no particular restriction for the nickel 
salts usable but, considering that the lithium nickel com- 

35 posite oxide is produced by sintering the thus obtained 
nickel hydroxide, it is preferred that the salt is easily 
decomposable or has an anion easily volatile upon sin- 
tering. Accordingly, nickel nitrate is preferably used, for 
example. Ammonia may be used as a gas but preferably 

40 used as aqueous ammonia. The alkali hydroxide usable 
is, for example, sodium hydroxide, potassium hydroxide 
or lithium hydroxide, sodium hydroxide being used par- 
ticularly preferably. 

[0026] In the neutralization reaction of the nickel 
45 salt as mentioned above, the concentrations of the 
aqueous nickel salt solution and the aqueous alkali 
hydroxide solution are not particularly limited. However, 
it is usually preferred that the aqueous nickel salt solu- 
tion has a concentration of 1 to 3 mol/L while the aque- 
50 ous alkali hydroxide solution has a concentration of 1 to 
10 mol/L. When aqueous ammonia is used, it has pref- 
erably a concentration of 10 to 16 mol/L. 
[0027] According to a preferred embodiment of the 
invention, the nickel hydroxide particles are produced, 
55 for example, by placing a small amount of water or 
aqueous ammonia in a reactor having a stirrer, and then 
adding thereto continuously an aqueous nickel salt solu- 
tion, an aqueous alkali hydroxide solution and aqueous 
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ammonia, whereupon neutralizing the nickel salt at a 
temperature of 20°C to 50°C while keeping the pH of the 
resulting reaction mixture (slurry) in the reactor within a 
range from 10 to 11 and keeping the concentration of 
ammonia in the reaction mixture in the reactor at 0.5 5 
mol/L or higher, preferably, within a range from 0.7 to 3 
mol/L, thereby precipitating particles of nickel hydrox- 
ide, and collecting the particles by filtration and drying 
the same. 

[0028] Since the reaction temperature gives an 10 
effect on the concentration of ammonia in the reaction 
mixture in the reactor, it is preferred that the reaction 
temperature is low and, it is usually within a range from 
20°C to 50°C, as described above in view of economical 
performance. The reaction time is properly selected 15 
considering the size of primary particles and secondary 
particles of nickel hydroxide to be formed and usually it 
is about from 20 to 48 hours. 

[0029] As described above, there is obtained nickel 
hydroxide secondary particles having a large particle 20 
diameter comprised of agglomerates of primary parti- 
cles having a large particle diameter, the shape of a tri- 
angular prism or a triangular plate and a surface or 
outer face in the form of a substantially equilateral trian- 
gle. The length of a side of the substantially equilateral 25 
triangle in the primary particles is within a range from 1 
to 1 0 urn, preferably, within a range from 1 to 7 urn 
[0030] In addition, the nickel hydroxide particles of 
the invention have a half value width of a peak on 101 
face within a range from 0.2 to 0.3 degrees as meas- 30 
ured by X-ray diffractiometry, preferably, within a range 
from 0.2 to 0.28 degrees. This is one of important fea- 
tures of the nickel hydroxide particles of the invention 
since the particles have very high crystallinity compared 
with the known nickel hydroxide particles, as illustrated 35 
by the small half value width. 

[0031] Further according to the invention, the com- 
posite nickel hydroxide secondary particles containing 
the composite element and comprised of agglomerates 
of primary particles in the shape of a triangular prism or 40 
a triangular plate having a substantially equilateral trian- 
gular surface or outer face each side of which substan- 
tially equilateral triangle has a length within a range 
from 1 to 1 0 jLim, preferably, 1 to 7 ujti by neutralizing an 
aqueous solution containing a water-soluble nickel salt, 45 
preferably, nickel nitrate, together with a salt of at leas- 
tone composite element selected from the group con- 
sisting of Mg, Ca, Sr, Ba, Al, V, Mn, Fe and Co with an 
aqueous solution of alkali hydroxide and aqueous 
ammonia in an aqueous solution, as described herein- 50 
above. 

[0032] When the composite nickel hydroxide parti- 
cles containing at least one composite element selected 
from the group consisting of Mg, Ca, Sr, Ba, Al, V, Mn, 
Fe and Co is prepared in a manner as described above, 55 
the atomic ratio of such an element to nickel, namely, 
the composite element/ Ni atomic ratio is usually 0.5 or 
less and, preferably, within a range from 0.001 to 0.5 



and, particularly preferably, within a range from 0.05 to 
0.4. If the atomic ratio exceeds 0.5, composite nickel 
hydroxide particles having desired shape and size can 
not often be obtained. 

[0033] In addition, according to the invention; at 
least one deposition or coating element selected from 
the group consisting of Mg, Ca, Sr, Ba, Al, V, Mn, Fe and 
Co can be deposited or coated as oxides and/or hydrox- 
ides on the surface of the (composite) nickel hydroxide 
particles as described above. The nickel hydroxide par- 
ticles having such a deposited or coated element on the 
surface can be obtained by dispersing the (composite) 
nickel hydroxide particles in water to form a slurry and 
then neutralizing the salt of the deposition or coating 
element with an alkali hydroxide in the slurry and depos- 
iting or coating the oxide or the hydroxide of the deposi- 
tion or coating element. 

[0034] According to a preferred embodiment, the 
nickel hydroxide particles having such a deposition or 
coating element on the surface can be obtained by dis- 
persing the (composite) nickel hydroxide particles of the 
invention in water to form a slurry, placing the slurry in a 
reactor, adding thereto an aqueous solution of the salt 
of the deposition or coating element and an aqueous 
solution of the alkali hydroxide continuously under stir- 
ring, thereby neutralizing the salt of the deposition or 
coating element, depositing or coating the element as 
hydroxides or oxides on the surface of the (composite) 
nickel hydroxide particles, followed by filtering and dry- 
ing the product. 

[0035] For neutralizing the salt of the deposition or 
coating element to form a hydroxide or oxide and then 
depositing or coating the same on the surface of the 
(composite) nickel hydroxide particles, it is necessary to 
control the pH in the reactor to an optimal pH in accord- 
ance with the deposition or coating element used to 
form the hydroxide or the oxide. Thus, it is preferred to 
maintain the reaction mixture in the reactor at a pH of 7 
to 8 to deposit or coat, for example, aluminum by using 
aluminum sulfate. 

[0036] When the deposition or coating element is 
deposited or coated on the surface of the (composite) 
nickel hydroxide particles, the amount of the deposition 
or coating element is not particularly limited, but the 
deposition or coating element/(Ni and composite ele- 
ments) atomic ratio is usually 0.5 or less, preferably, 
within a range from 0.001 to 0.5 and, particularly prefer- 
ably, within a range from 0.01 to 0.33. If the atomic ratio 
exceeds 0.5, the hydroxide or the oxide of the deposi- 
tion or coating element often forms nuclei newly in an 
aqueous phase other than the surface of the (compos- 
ite) nickel hydroxide particles. 

[0037] In the (composite) nickel hydroxide particles 
formed by depositing or coating the deposition or coat- 
ing element on the surface in this way, the primary par- 
ticles of the (composite) nickel hydroxide are usually 
coated uniformly with the hydroxide or the oxide of the 
deposition or coating element, making it difficult to con- 
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firm the original shape of triangular prism or triangular 
plate of the primary particles. However, according to the 
invention, even the (composite) nickel hydroxide parti- 
cles having the deposition or coating element on the 
surface, when they are used as the starting material 
under the conditions to be described later, provide lith- 
ium nickel composite oxide primary particles having a 
large particle diameter like that the (composite) nickel 
hydroxide particles having no deposition or caoting ele- 
ment on the surface. 

[0038] That is, since the element deposited or 
coated on the surface of the (composite) nickel hydrox- 
ide particles easy diffuses into the (composite) nickel 
hydroxide particles while the nickel hydroxide particles 
and the lithium compound are mixed and sintered in an 
oxidative atmosphere, they give a composite oxide fol- 
lowing the shape and the size of the (composite) nickel 
oxide particles as a substrate. 

[0039] As described above, according to the inven- 
tion, the composite nickel hydroxide particles containing 
the composite element other than nickel can be 
obtained as secondary particles comprised of agglom- 
erates of primary particles in the shape of a triangular 
prism or a triangular plate having a substantially equilat- 
eral triangular surface or outer face by neutralizing an 
aqueous solution containing the salt of the composite 
element together with the nickel salt with an aqueous 
solution of an alkali hydroxide and aqueous ammonia. 
In turn, the deposited or coated nickel hydroxide parti- 
cles containing the deposition or coating element other 
than nickel can be obtained by neutralizing a salt of the 
deposition or coating element with an aqueous solution 
of an alkali hydroxide in a slurry prepared by dispersing 
the nickel hydroxide particles in water, although the 
characteristic shape of the primary particles is difficult 
to be recognized. As a matter of fact, according to the 
invention, any deposition or coating element may be 
deposited or coated on the composite nickel hydroxide 
particles containing any composite element. 
[0040] According to the invention, lithium nickel 
composite oxide secondary particles comprised of pri- 
mary particles having a large particle diameter can be 
obtained easily by using the (composite) nickel hydrox- 
ide particles (including the deposited or coated (com- 
posite) nickel hydroxide particles) described above as a 
starting material. 

[0041] More specifically, the (composite) nickel 
hydroxide particles of the invention and a lithium com- 
pound are mixed together in an atomic ratio of Li/Ni (and 
the composite element and/or deposition or coating ele- 
ment other than nickel when they are contained) within 
a range from 1.00 to 1.05, and the resulting mixture is 
sintered in an oxidative atmosphere such as in air or 
oxygen at a temperature of 600°C to 1000°C , prefera- 
bly 700°C to 850°C , for about 10 to 30 hours followed 
by pulverization, thereby providing lithium nickel com- 
posite oxide secondary particles having an average par- 
ticle diameter of 3-30 ^im and comprised of primary 



particles having a particle diameter of 1-10 urn The 
invention has a particular advantage that the amount of 
fine particles of 1 u,m or less produced is small when the 
obtained sintered products are pulverized. 

5 [0042] Accordingly, the lithium nickel (and magne- 
sium, calcium, strontium, barium, aluminum, vanadium, 
manganese, iron and/or cobalt as the composite ele- 
ment and/or deposition or coating element) composite 
oxide has a tapping (filling) density as large as 1 .5 to 2.0 

10 g/mL and a specific surface area as small as 0.05 to 1 
m 2 /g. Besides, it has a desirable physical property as a 
cathode active material. Thus, the use of the lithium 
nickel composite oxide of the invention as a cathode 
electrode active material provides a non-aqueous elec- 

15 trolyte lithium ion secondary battery having excellent 
characteristics with less reduction of capacity when it is 
subjected to charge discharge cycles at a high temper- 
ature and less self discharge when it is stored at a high 
temperature. 

20 [0043] In the production of the lithium nickel com- 
posite oxide described above, lithium carbonate or lith- 
ium hydroxide monohydrate is preferably used as a 
lithium compound, for example. When the reaction tem- 
perature is 600°C or less, lithium is not sufficiently 

25 doped into the composite oxide particles whereas when 
it is more than 1000°C , lithium is evaporated to fluctu- 
ate the lithium/nickel atomic ratio and nickel oxide or the 
like is undesirably formed as impurities. 

30 Examples 

[0044] The invention will be explained with refer- 
ence to examples but the invention is not limited to 
these examples. In the following description, "%" means 
35 "% by weight" unless otherwise specified. 

Example 1 

(Production of Nickel Hydroxide Particles) 

40 

[0045] About 2 liters of minimum amount of aque- 
ous ammonia (1.0 mol/L) were placed in a reactor hav- 
ing about 10 liter capacity so that a stirring blade was 
dipped barely in the aqueous ammonia. An aqueous 

45 solution of nickel nitrate (2.4 mol/L) and aqueous 
ammonia (13.3 mol/L) were added to the reactor suc- 
cessively under stirring at a rate of 99 ml/ hr and 18 
ml/hr, respectively, while on the other hand an aqueous 
solution of sodium hydroxide (8.6 mol/L) was added 

50 continuously to the reactor so that the pH of the result- 
ing mixture was maintained at 10.5±0.3 by operating a 
liquid feed pump together with a pH controller. 
[0046] In this way, the reaction was conducted for 
48 hours while continuously adding the aqueous solu- 

55 tion of nickel nitrate, the aqueous ammonia and the 
aqueous solution of sodium hydroxide to the reactor. 
During the reaction, the concentration of ammonia in 
the reaction mixture (slurry) in the reactor was kept 
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within a range from 1 .0 to 1 .3 mol/L and the reaction 
temperature was kept at 40°C±1°C with a temperature 
controller. After the completion of the reaction, the slurry 
in the reactor was filtered, washed with water and dried 
to provide a powder of nickel hydroxide. 5 
[0047] The thus obtained secondary particles of 
nickel hydroxide are comprised of agglomerates of pri- 
mary particles in the shape of a triangular prism or a tri- 
angular piate having a substantially equilateral 
triangular surface or outer face each side of which was 10 
confirmed to have a length of 1 |im or more, as shown 
by a scanning electron microphotograph of Fig 1. The 
average particle diameter of the secondary particles 
was 1 1 .8 jim as measured with a laser diffraction parti- 
cle size measuring instrument. The powder of the nickel 15 
hydroxide had a tapping (filling) density of 1 .8 g/mL and 
a half-value width on 101 face peak was 0.25 degrees 
as measured by X-ray diffractiometry and a specific sur- 
face area of 2.4 m 2 /g. 

20 

Example 2 

(Production of Nickel Cobalt Hydroxide Particles (Com- 
posite Nickel Hydroxide Particles)) 

25 

[0048] A powder of nickel cobalt hydroxide was 
obtained in the same manner as in Example 1 except 
that an aqueous solution of mixture of nickel nitrate and 
cobalt nitrate (having a Ni/Co atomic ratio of 85/15 and 
a total concentration of 2.4 mol/L) was used instead of 30 
the aqueous solution of nickel nitrate in Example 1 . 
[0049] It was confirmed by a scanning electron 
microphotograph that the particles of the thus obtained 
nickel cobalt hydroxide secondary particles were com- 
prised of agglomerates of primary particles in the shape 35 
of a triangular prism or a triangular piate having a sub- 
stantially equilateral triangular surface or outer face 
each side of which was 1 u.m or more, as in the case of 
the nickel hydroxide particles obtained in Example 1 . 
[0050] The average particle diameter of the sec- 40 
ondary particles was 12.1 urn as measured with a laser 
diffraction particle size measuring instrument. The thus 
obtained powder of the nickel cobalt hydroxide had a 
tapping (filling) density of 1 .7 g/ml, a half -value width on 
101 face peak of 0.26 degrees as measured by X-ray 45 
diffractiometry and a specific surface area of 2.9 m 2 /g. 

Comparative Example 1 

(Production of Nickel Cobalt Hydroxide Particles (Com- 50 
posite Nickel Hydroxide Particles)) 

[0051] An aqueous solution of mixture of nickel 
nitrate and cobalt nitrate (having a Ni/Co atomic ratio of 
85/1 5 and a total concentration of 1 .6 mol/L) and aque- 55 
ous ammonia (5.9 mol/L) were added continuously at a 
rate of 600 ml/hr and 81 ml/hr, respectively, to a reactor 
having a 10 liter capacity while an aqueous solution of 



sodium hydroxide (6.0 mol/L) was added continuously 
to the reactor so that the pH of the resulting mixture was 
maintained at 12.010.2 by operating a liquid feed pump 
together with a pH controller. 

[0052] In this way, the reaction was conducted while 
continuously adding the aqueous solution of mixture of 
nickel nitrate and cobalt nitrate, aqueous ammonia and 
the aqueous solution of sodium hydroxide to the reactor 
and, the resultant reaction mixture (slurry) was taken 
out of the reactor continuously. After 48 hours from the 
start of the reaction, the resulting slurry was filtered, 
washed with water and dried to provide a powder of 
nickel cobalt hydroxide. 

[0053] The thus obtained secondary particles of 
nickel cobalt hydroxide were spherical and comprised of 
agglomerates of fine primary particles of a particle 
diameter of 0.1 j.im or less, as shown by a scanning 
electron microphotograph of Fig. 3. 
[0054] The average particle diameter of the sec- 
ondary particles was 12.0 pirn as measured with a laser 
diffraction particle size measuring instrument. The pow- 
der of nickel cobalt hydroxide had a tapping (filling) den- 
sity of 2.0 g/ ml and a half-value width on 101 face peak 
was 0.89 degrees as measured by X-ray diffractiometry 
and a specific surface area was 30.4 m 2 /g. 

Example 3 

(Production of Lithium Nickel Composite Oxide) 

[0055] A powder of nickel hydroxide obtained in 
Example 1 was mixed with lithium hydroxide monohy- 
drate in a Li/Ni atomic ratio of 1 .02 and the mixture was 
sintered at a temperature of 800°C for 20 hours in an 
oxygen atmosphere. The resulting sintered product was 
crushed to provide a powder of lithium nickelate. The 
lithium nickelate thus obtained was comprised of 
agglomerates of large primary particles having a parti- 
cle diameter of 1 u.m or more, as shown by a scanning 
electron microphotograph of Fig. 4. 
[0056] The powder of lithium nickelate had a tap- 
ping (filling) density of 1.7 g/ml and a specific surface 
area of 0.15 m 2 /g. An X-ray diffraction diagram as 
measured using Cu-Ka radiation is shown in Fig. 5. 

Example 4 

(Production of Nickel Cobalt Magnesium Hydroxide Par- 
ticles (Composite Nickel Hydroxide Particles) 

[0057] About 2 liters of minimum amount of aque- 
ous ammonia (1 .0 mol/L) were placed in a reactor hav- 
ing about 10 liter capacity so that a stirring blade was 
dipped barely in the aqueous ammonia in the reactor. 
An aqueous solution of mixture of nickel nitrate, cobalt 
nitrate and magnesium nitrate (having a Ni/Co/Mg 
atomic ratio of 81/14/5 and a total concentration of 2.4 
mol/L) and aqueous ammonia (13.3 mol/L) were added 
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continuously at a rate of 99 ml/hr and 18 ml/hr, respec- 
tively, to the reactor while an aqueous solution of 
sodium hydroxide (8.6 mol/L) was added continuously 
to the reactor so that the pH of the resulting mixture was 
maintained at 10.5±0.3 by operating a liquid feed pump 
together with a pH controller. 

[0058] In this way, the reaction was conducted for 
48 hours while continuously adding the aqueous solu- 
tion of mixture of nickel nitrate, cobalt nitrate and mag- 
nesium nitrate, the aqueous ammonia and the aqueous 
solution of sodium hydroxide to the reactor. During the 
reaction, the concentration of ammonia in the reaction 
mixture (slurry) in the reactor was kept within a range 
from 1 .0 to 1.3 mol/L and the reaction temperature was 
kept at 30°C±1 °C with a temperature controller. After 
the completion of the reaction, the slurry in the reactor 
was filtered, washed with water and dried to provide a 
powder of nickel cobalt magnesium hydroxide. 
[0059] The thus obtained secondary particles of 
nickel cobalt magnesium hydroxide were comprised of 
agglomerates of primary particles in the shape of a tri- 
angular prism or a triangular plate having a substantially 
equilateral triangular surface or outer face each side of 
which was confirmed to have a length of 1 jam or more, 
as shown by a scanning electron microphotograph of 
Fig 6. 

[0060] The average particle diameter of the sec- 
ondary particles was 14.9 jam as measured with a laser 
diffraction particle size measuring instrument. The pow- 
der of the nickel cobalt magnesium hydroxide had a tap- 
ping (filling) density of 2.0 g/mL and a half-value width 
on 101 face peak was 0.26 degrees as measured by X- 
ray diffractiometry and a specific surface area of 2.0 
m 2 /g. 

Example 5 

(Production of Nickel Cobalt Calcium Hydroxide Parti- 
cles (Composite Nickel Hydroxide Particles)) 

[0061] A powder of nickel cobalt calcium hydroxide 
was obtained in the same manner as in Example 4 
except that an aqueous solution of mixture of nickel 
nitrate, cobalt nitrate and calcium nitrate (having a 
Ni/Co/Ca atomic ratio of 81/14/5 and a total concentra- 
tion of 2.4 mol/L) was used instead of the aqueous solu- 
tion of mixture of nickel nitrate, cobalt nitrate and 
magnesium nitrate in Example 4. 
[0062] It was confirmed by a scanning electron 
microphotograph that the particles of the thus obtained 
nickel cobalt calcium hydroxide secondary particles 
were comprised of agglomerates of primary particles in 
the shape of a triangular prism or a triangular plate hav- 
ing a substantially equilateral triangular surface or outer 
face each side of which was 1 jim or more, as in the 
case of the nickel cobalt magnesium hydroxide particles 
obtained in Example 4. 

[0063] The average particle diameter of the sec- 



ondary particles was 13.2 urn as measured with a laser 
diffraction particle size measuring instrument. The thus 
obtained powder of the nickel cobalt calcium hydroxide 
had a tapping (filling) density of 2.0 g/ml, a half-value 
5 width on 1 01 face peak of 0.26 degrees as measured by 
X-ray diffractiometry and a specific surface area of 2.3 
m 2 /g. 

Example 6 

10 

(Production of Nickel Cobalt Strontium Hydroxide Parti- 
cles (Composite Nickel Hydroxide Particles)) 

[0064] A powder of nickel cobalt strontium hydrox- 
ys ide was obtained in the same manner as in Example 4 
except that an aqueous solution of mixture of nickel 
nitrate, cobalt nitrate and strontium nitrate (having a 
Ni/Co/Sr atomic ratio of 81/14/5 and a total concentra- 
tion of 2.4 mol/L) was used instead of the aqueous solu- 
20 tion of mixture of nickel nitrate) cobalt nitrate and 
magnesium nitrate in Example 4. 
[0065] It was confirmed by a scanning electron 
microphotograph that the secondary particles of the 
thus obtained nickel cobalt strontium were comprised of 
25 agglomerates of primary particles in the shape of a tri- 
angular prism or a triangular plate having a substantially 
equilateral triangular surface or outer face each side of 
which was 1 u.m or more, as in the case of the nickel 
cobalt magnesium hydroxide particles obtained in 
30 Example 4. 

[0066] The average particle diameter of the sec- 
ondary particles was 12.9 urn as measured with a laser 
diffraction particle size measuring instrument. The thus 
obtained powder of the nickel cobalt strontium hydrox- 
ys ide had a tapping (filling) density of 1.9 g/ml, a half- 
value width on 1 01 face peak of 0.26 degrees as meas- 
ured by X-ray diffractiometry and a specific surface area 
of 2.4 m 2 /g. 

40 Example 7 

(Production of Nickel Cobalt Barium Hydroxide Particles 
(Composite Nickel Hydroxide Particles)) 

45 [0067] A powder of nickel cobalt barium hydroxide 
was obtained in the same manner as in Example 4 
except that an aqueous solution of mixture of nickel 
nitrate, cobalt nitrate and barium nitrate (having a 
Ni/Co/Ba atomic ratio of 84/15/1 and a total co n centra - 

so tion of 2.4 mol/L) was used instead of the aqueous solu- 
tion of mixture of nickel nitrate, cobalt nitrate and 
magnesium nitrate in Example 4. 
[0068] It was confirmed by a scanning electron 
microphotograph that the secondary particles of the 

55 thus obtained nickel cobalt barium hydroxide were com- 
prised of agglomerates of primary particles in the shape 
of a triangular prism or a triangular plate having a sub- 
stantially equilateral triangular surface or outer face 
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each side of which was 1 jim or more, as in the case of 
the nickel cobalt magnesium hydroxide particles 
obtained in Example 4. 

[0069] The average particle diameter of the sec- 
ondary particles was 1 1.7 jim as measured with a laser 
diffraction particle size measuring instrument. The thus 
obtained powder of the nickel cobalt barium hydroxide 
had a tapping (filling) density of 1.9 g/ml, a half-value 
width on 1 01 face peak of 0.26 degrees as measured by 
X-ray diffractiometry and a specific surface area of 2.5 
m 2 /g. 

Example 8 

(Production of Nickel Cobalt Aluminum Hydroxide Parti- 
cles (Composite Nickel Hydroxide Particles) 

[0070] About 2 liters of minimum amount of aque- 
ous ammonia (1 .0 mol/L) were placed in a reactor hav- 
ing about 10 liter capacity so that a stirring blade was 
dipped barely in the aqueous ammonia in the reactor. 
An aqueous solution of mixture of nickel nitrate, cobalt 
nitrate and aluminum nitrate (having a Ni/Co/AI atomic 
ratio of 84/15/1 and a total concentration of 2.4 mol/L) 
and aqueous ammonia (1 3.3 mol/L) were added contin- 
uously at a rate of 99 ml/hr and 18 ml/hr, respectively, to 
the reactor while an aqueous solution of sodium hydrox- 
ide (8.6 mol/L) was added continuously to the reactor so 
that the pH of the resulting mixture was maintained at 
10.5±0.3 by operating a liquid feed pump together with 
a pH controller. 

[0071] In this way, the reaction was conducted for 
48 hours while continuously adding the aqueous solu- 
tion of mixture of nickel nitrate, cobalt nitrate and alumi- 
num nitrate, the aqueous ammonia and the aqueous 
solution of sodium hydroxide to the reactor. During the 
reaction, the concentration of ammonia in the reaction 
mixture (slurry) in the reactor was kept within a range 
from 1 .0 to 1 .3 mol/L and the reaction temperature was 
kept at 30°C±1°C with a temperature controller. After 
the completion of the reaction, the slurry in the reactor 
was filtered, washed with water and dried to provide a 
powder of nickel cobalt aluminum hydroxide. 
[0072] The thus obtained secondary particles of 
nickel cobalt aluminum hydroxide are comprised of 
agglomerates of primary particles in the shape of a tri- 
angular prism or a triangular plate having a substantially 
equilateral triangular surface or outer face each side of 
which was confirmed to have a length of 1 uxn or more, 
as shown by a scanning electron microph olograph of 
Fig 7. 

[0073] The average particle diameter of the sec- 
ondary particles was 1 1,4 \irr\ as measured with a laser 
diffraction particle size measuring instrument. The pow- 
der of the nickel cobalt aluminum hydroxide had a tap- 
ping (filling) density of 1.7 g/mL and a half-value width 
on 1 01 face peak was 0.26 degrees as measured by X- 
ray diffractiometry and a specific surface area of 3.1 



m 2 /g. 
Example 9 

5 (Production of Nickel Hydroxide Particles Having Alumi- 
num Coated Thereon (Coated Composite Nickel 
Hydroxide Particles)) 

[0074] 1 kg of powder of nickel cobalt hydroxide 
w obtained in Example 2 was placed in a 5 liter capacity 
reactor together with water to prepare a total volume of 
1.5 liters of slurry. An aqueous solution of aluminum 
nitrate (0.9 mol/L) was added to the slurry continuously 
at a rate of 600 ml/br while an aqueous solution of 
15 sodium hydroxide (2.7 mol/L) was added continuously 
to the slurry so that the pH of the resulting mixture was 
maintained at 7.5± 0.3 by operating a liquid feed pump 
together with a pH controller. 

[0075] In this way the reaction was conducted for 
20 2.5 hours while continuously adding the aqueous solu- 
tion of aluminum nitrate and the aqueous solution of 
sodium hydroxide to the reactor. After the completion of 
the reaction, the slurry in the reactor was filtered, 
washed with water and dried to provide a powder of 
25 nickel cobalt hydroxide having aluminum deposited or 
coated on the surface and an AI/(Ni+ Co) atomic ratio of 
0.1. 

[0076] The thus obtained secondary particles of 
nickel cobalt hydroxide having aluminum deposited or 
30 coated on the surface were found to have aluminum 
hydroxide stuck uniformly on the surface. The original 
shape of a triangular prism or a triangular plate of the 
primary particles was seen in part in the secondary par- 
ticles. 

35 [0077] The average particle diameter of the sec- 
ondary particles of nickel cobalt hydroxide having alumi- 
num deposited or coated on the surface was 1 3.5 u,m as 
measured with a laser diffraction particle size measur- 
ing instrument. The powder of the nickel cobalt alumi- 

40 num hydroxide had a tapping (filling) density of 1 .6 g/mL 
and a half-value width on 101 face peak was 0.26 
degrees as measured by X-ray diffractiometry and a 
specific surface area of 15.2 m 2 /g. 



(Production of Nickel Cobalt Aluminum Hydroxide Parti- 
cles (Composite Nickel Hydroxide Particles)) 

50 [0078] An aqueous solution of mixture of nickel 
nitrate, cobalt nitrate and aluminum nitrate (having a 
Ni/Co/AI atomic ratio of 84/15/1 and a total concentra- 
tion of 1.6 mol/L) and aqueous ammonia were added at 
a rate of 600 ml/ hr and 81 ml/hr, respectively, continu- 

55 ously to a 10 liter capacity reactor while an aqueous 
solution of sodium hydroxide (6.0 mol/L) was added 
continuously to the reactor so that the pH of the result- 
ing mixture was maintained at 12.010.2 by operating a 
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liquid feed pump together with a pH controller. 
[0079] In this way, the reaction was conducted for 
48 hours while continuously adding the aqueous solu- 
tion of mixture of nickel nitrate, cobalt nitrate and alumi- 
num nitrate, aqueous ammonia and the aqueous 
solution of sodium hydroxide to the reactor and continu- 
ously taking the resulting reaction mixture (slurry) out of 
the reactor. After 48 hours from the start of the reaction, 
the resulting slurry was filtered, washed with water and 
dried to provide a powder of nickel cobalt aluminum 
hydroxide. 

[0080] The thus obtained secondary particles of 
nickel cobalt aluminum hydroxide were spherical and 
comprised of agglomerates of fine primary particles of a 
particle diameter of 0.1 u,m or less, as shown by a scan- 
ning electron microphotograph of Fig. 9. 
[0081] The average particle diameter of the sec- 
ondary particles was 2.1 urn as measured with a laser 
diffraction particle size measuring instrument. The thus 
obtained powder of the nickel cobalt aluminum hydrox- 
ide had a tapping (filling) density of 0.9 g/ml, a half- 
value width on 1 01 face peak of 0.73 degrees as meas- 
ured by X-ray diffractiometry and a specific surface area 
of 83.0 m 2 /g. 

Example 10 

(Production of Lithium Nickel Composite Oxide) 

[0082] A powder of nickel cobalt hydroxide having 
aluminum deposited or coated on the surface obtained 
in Example 9 was mixed with lithium hydroxide monohy- 
drate in a Li/(Ni, Co and A!) atomic ratio of 1 .02 and the 
mixture was sintered at a temperature of 800 °C for 20 
hours in an oxygen atmosphere. The resulting sintered 
product was crushed to provide a powder of lithium nick- 
elate. The lithium nickelate secondary particles thus 
obtained were comprised of agglomerates of large pri- 
mary particles having a particle ciameter of 1 jum or 
more, as shown by a scanning electron microphoto- 
graph of Fig. 10. 

[0083] The particles of lithium nickelate had an 
average particle diameter of 1 1 .9 um, a tapping (filling) 
density of 1.9 g/ml and a specific surface area of 0.30 
m 2 /g. An X-ray diffraction diagram as measured using 
Cu-Ka radiation is shown in Fig. 1 1 . 

Claims 

1. Nickel hydroxide secondary particles comprising 
agglomerates of primary particles of nickel hydrox- 
ide in the shape of a triangular prism or a triangular 
plate having a surface or a outer face in the form of 
a substantially equilateral triangle each side of 
which substantially equilateral triangle has a length 
of 1 to 10 ujtl 

2. The nickel hydroxide secondary particles as 



claimed in claim 1 which further comprise at least 
one composite element selected from, the group 
consisting of Mg, Ca, Sr, Ba, Al, V; Mn, Fe and Co 
in an atomic ratio to Ni of not more than 0.5. 

5 

3. The nickel hydroxide secondary particles as 
claimed in claim 1 or 2 which further comprise at 
least one deposition or coating element selected 
from the group consisting of Mg, Ca, Sr, Ba, Al, V, 

10 Mn, Fe and Co in an atomic ratio to Ni of not more 
than 0.5. 

4. Lithium nickel composite oxide particles obtained 
by mixing the nickel hydroxide secondary particles 

15 as claimed in claim 1, 2 or 3 with a lithium com- 
pound and sintering the resulting mixture at a tem- 
perature in the range of 600°C and 1000°C. 

5. A method for production of nickel hydroxide sec- 
20 ondary particles as claimed in claim 1 which com- 
prises continuously adding an aqueous solution of 
a nickel salt, an aqueous solution of an alkali 
hydroxide and aqueous ammonia to a reactor hav- 
ing water or aqueous ammonia placed therein, 

25 whereupon neutralizing the nickel salt at a temper- 
ature in the range of 20°C and 50°C while maintain- 
ing the resulting reaction mixture in the reactor at a 
pH in the range of 1 0 to 1 1 and the concentration of 
ammonia in the reaction mixture in the reactor in 

30 the range of not less than 0.5 mol/L, thereby precip- 
itating particles of nickel hydroxide, filtering and 
drying the particles. 

6. A method for production of the nickel hydroxide sec- 
35 ondary particles as claimed in claim 2 which com- 
prises continuously adding an aqueous solution of 
a nickel salt containing at least one composite ele- 
ment selected from the group consisting of Mg, Ca, 
Sr, Ba, Al, V, Mn, Fe and Co, an aqueous solution of 

40 an alkali hydroxide and aqueous ammonia to a 
reactor having water or aqueous ammonia placed 
therein, whereupon neutralizing the nickel salt and 
the salts of the composite elements at a tempera- 
ture in the range of 20°C and 50°C while maintain- 

45 in g the resulting reaction mixture in the reactor at a 
pH in the range of 10 to 1 1'and the concentration of 
ammonia in the reaction mixture in the reactor in 
the range of not less than 0.5 mol/L, thereby precip- 
itating particles of nickel hydroxide containing the 

50 composite elements, filtering and drying the parti- 
cles. 

7. A method for production of the nickel hydroxide sec- 
ondary particles, as claimed in claim 3 which com- 

55 prises neutralizing an aqueous solution of salts of at 
least one deposition or coating element selected 
from the group consisting of Mg, Ca, Sr, Ba, Al, V, 
Mn, Fe and Co with an aqueous solution of an alkali 
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hydroxide in a slurry of the nickel hydroxide as 
claimed in claims 1 or 2, thereby depositing or coat- 
ing the deposition or coating element as oxides or 
hydroxides on the surface of the nickel hydroxide 
secondary particles. 5 

8. A method for production of lithium nickel composite 
oxide particles comprising mixing the nickel hydrox- 
ide as claimed in claim 1 , 2 or 3, and sintering the 
resulting mixture at a temperature in the range of io 
600°C to 1000°C in an oxidative atmosphere. 
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